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4G046 HA03 HBOO HB02 HB05 HB06 

4G075 AA27 AA62 AA63 BA05 BD14 BD16 CA57 CA63 



mm 



[11*111] ¥$ffc£j&<1~10/imT%fflft§?»#1. 5cmVgJaT0^St±j£5O~95fCm%^ 

o. 6 g /cm 3 m±T*fe^z^#a^-r^mm=mp^/^>^fflS!ejsmffio 

[11*112] mjfEi*«;St±m^itm^Mbmm^IS;SL7it0-efe^ll*iIi lzfHt£0if ^Jtmtio 
[11*113] fjfEiim^Mbmm^xy-^^flg^m^Uct^Trfe^ll^ilziziHm^if^Jtm^o 

[ii*ii4] frffi^ttStt^tt.ii^ajsflSftM^ofa^KawizfcMtssFiSR^js^o. s~i. o 
[H*ii5] 11*111 ^4(Di^^iztm(Dmmmmm^^xt^ztmmtt^mn-mm^ 
[ii*ii6] *«»tt[zm«M^itiBLfc*«^m»^^^«ii**5[ziE«a)«ft=»ji4r-v/^e/ 

[1I*H7] ^#^m^;S[3^it^^^^^x^u>^i-7K^-h, ?PtTu:/*-/-|?*-K ?TU> 

i^;i/*-#*-K x^u^u^-tf^-K vifjb7J-/t^-h, 7Hzh-h'J;k ? 
;^p-h'j;i/,/^p-h'j;k x;u^>s^x;u^>i^^^b^^il^bSi^ti^ifim±Trfe 

U N ^tl[cm^M<l:LT, R 1 R 2 R 3 R 4 N + gUttR 1 R 2 R 3 R 4 P + (--"CR 1 „ R 2 N R 3 N R 4 Its 

Miiciiii ~607;u*;uft£jjrf „ rt&Zft&mtlRt-VJjitt^ts bf 4 " N pf 4 " s 

CI0 4 " , CF 3 S0 3 " XI* (S0 2 R 5 ) (S0 2 R 6 )N + (ZZVR 5 s R 6 li, ^Jtl^tl&aiC^ijif&l -407 
;U*;Uft£^%)frbSI*>l£7-*><bb^ 

[0001] 

[ooo2]*f§0j0mm-sji^/^>^[i, fttt&fcy<Dx^;u^r-mjt^s<, ^mm^m^mmMs 

[0003] 
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[0004]^ xnffiXnwfaiiom&tLT, zmois-httn^Zs ^^-^^LxmrnLxt^ 
m*m&ft&£fotzmmm(Dn%-mm*v'^$&m , m£tix^& 1 541 06-§- N nmw- 

3-20331 1 #r?fl¥4-2861 08^) 0 &mztfLM£*ltcis-y-ft i m&&jE&%.Xfn&tU 

mtt&frL&\z&mmuzwmT*'r-xtpizi&®Ls m^izmm^tmLxmx^m-r^cDxh 

-So 

[0005]^*, n%-mm* j ?'^$(Dnffimziz s mmK^mmmizmm^^tzisbizyK^nt:^ 
^ts-Tts^-ht^om mnm0m%mm£*ix$$v, xmmtLx \t s ^ommizm^^mn.- 

[ooo7]#[z N mmgi]m0i!]7:m;j£ii0^^^ 

&mmm^m^(Dxfoz>^tm<m*£tiz>o 
iooo8m%-wm*^wommm&tzV(Dim®m£X£<tz>\z\$ s &*mz\$ s 

^0^^ffl^rM^LrX7';-^«!:L^PE^UX[ZJ;y^«t0(^|l#I^F||3288641^) 

[001 1 ]b)S14tt*»*i:«»ja<DS^«!|[c^S[3J£i:T^ 'Jfh^btPxfbXWT, PTFE^fE 

1-&o)£/^>?-<hLTflP*f-M 

53 — 7025-^- N ^•ii'BSSS — 41 01 5^) 0 

[0012]c)St±j*<tPTFEl|(D/^>?^ 

EMLrv-M^[3^«t(D (^BS63 - 1 0701 1 ^¥2-235320^) „ 
[0013]d)St±^^<tPTFE^;I^LT^-Xh^U»m^±[3^-^Uc^, PTFECDHfej^ilsi. 
ilZftlJRU ■J[s*mtirZ)t(D 36005^-) o 

^^i^-eSt4^l»*^^LTglfWmS^t#^t(D(B*^l^S2778425^) 0 

[001 5]*f§w#b^s*L/=^^[z t fctL[^ )^m^h^\m^mmiztujLt^^0^ 

[0016]iI^St±j£[£, fcfr<?\ ^vl^(DM^S*(D^«;=i->7X N t 0 >>^5^-5}4^Jl*'4 

mmm&s mmit, m^Ltzmm^^mxmmmzfA^LxmitLtz^omm^xi^o frfr 
^Mfti^^oTtibft^^ 

[001 7]*f§Bj#bii, z(D^tmmmzim^tz^m^±t^Ltz^^(Dm^mz^m 

[0018] 
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nvtwoteiK ftm<Dm&<D%te.m : £&m?z>ztiz&i) s mmtmiz^m^m^miz^m^ 
tzmmmmmtm^^t^^Ltz. *mm*s m^u^iz^m^^zm^tztox^. 



T0I*t£St±j£5O~95!Cm o /o<^ «mt4^W30MM 0 /oJaTd:, RXSM ^H^fS^WO. 5-20IC 

M%<h^#^L, s^jt^o. 6 g /cm 3 m±^fe^-^!f#^<i:«mm-SJi^/^>^fflif ^jtm 

[0022] 

¥2-25227^) 0 L^U^b, >7?i-X/M*ft(Dii£, ^^b^Sfj^li^^S^^^^^-^^ 

to&4tSt<D<D^<D±fc*BMI*^ii*<DS14tt^tt#&*L<i:L\2, 000-5, 000m 2 /g, £?£L< 
[*3, 000-4, 500m 2 /g^S5, *tt«S«*|lJfflL*5t«t<D^fcy, 



tfO. 8-1. 0, £?£L<li0. 9-1. 0,<fcy$f£L<l*0. 95-1. 0©ta)T?&5o 

nn.mzmm\tu< s z^^mnxmrnrmm^mtLx^^. ztz, mm\zLxtmLtz% 
t±j££, *mm&\imm^m\z : / %£Lx&m?&^t^mxfo& 0 zomsits msriz-d^x 
Tmm0mmtf±mm0Mfe&n&t%&(Dxfoti\£&i\ 

[0027]##§BJ[ZfclNT¥iiT<D;|^^ 

w&ztis mm^(Dmmtm-(omm^t^(Dmwz^t^xmm^^o^mxit, z 

m±s MiI^±t'M<itl 00jS&±, ff£L<l*2OOm±<0tiT<D/l££fToT¥$£#tf> 

-So 

[0028]fcfc\ *f§0J[Cfc[f^)^St±^lis ¥J$U&ftj&<1 -1 0/i mODtEffllC&StOT'feSo 

g^i /i m«fcy/j^j§£[*, mffi^ ckysffij£^b-e#st<D<Ds mftrt<D^usA</h$<^y-r^(D-c, 
mffirt^a)m»jfta)#s^+^«i:y, msrtsst£tn;a)it**iB*«„ -75, ¥K]!^io//m 
£*g;ta^ ms*sffiffi^-c#-r, **/^>«fttt»&fcy on mnmm&TLXL^tzMjuu 

[OO29]*f§0J[zfcLNr,¥^Sf5[i,x^y-;u5Ocm 3 lrS1±ift»*0. ig£&AUJ!SHft 



[0020] 
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43KHz N aj2j45W0i£S^$£lO#J*Lt{!MtLT, WM*3tftft%l£Vtz&, ^J-)l^M%tUz 

[oo3o]^/c, *mMiz&\i%mm^mt, mnmm&i . 5cm 3 / s ut(d±>(dx&%o mumnft 
z.om:Mz-z>ts }^mmt0M^mm^<^tzisb, nmmm*m&tzwzw&t&%^mtt(D 
mm*, ?zft\z%<xts mmmfotzvcD^mnmrntf^te^tzisb, mmmzm^m&tcwn 

0. 3cm 3 /gfel±1»fc*^i:^Jf*U^o 

[0031 tefzmztii-t&fcfemomiimmzs \tnmmtttiz s jmtcd ^cil-o^^p-ac 

Quantachrome )tt0^"-hV-^1 ( Autosorb-1 )( ttcltttltm&<Dl&&tt?&^Vi,&[,\ 

mLxmjzztitzmxfo&o 

[0032]1-fcfr^^to*£*T*200^T*12l^ 

^**X^lR^$1±T^btLfcl3R3tl|;S*la)ffi^E*0. 001-0. O50t5Sl^s BET^ £;£-Cf$#fLT, 
ik^Sfl^Wtli-r^^lc, 5i?L^li It , ±IEPi^l£;M(Dfg*fE2iO. 9950£^(DMfl;tfXPi^ 

1 00~2, 500m 2 / gs ctyfftKlt 1 , 000-2, 300m 2 /g % £bl::Jf£L<[i* 

1, 500-2, 200m 2 /g<Dt<DTf&3o iba®II^-OtElll^U^LN«hat4^0^iSMfe/cy 0ff 

n®mm^<tM, zomm^x^t, mmmm&Tt^tzisb, mmmmm&tz^z^m^^ 
ttgiiA^SL, mmmfotzwm i§iA^j&t«, 

(i80~95%#;pf-f £o -a^M^50%*;il?[i, ^RV\v£(Dtf m^mOTSU 95%£J2*-£<^ if 

[0035]#£E<D«li[::fc^T[*, *^^jS^W^«^0^M*(3>^LO. 5-20%, £?£L< 
[* 1 ~1 5%£*Tf &„ iB^W(0i^0. 5%*3n?&££* «a<D3tfl&&<*EU 20%£j|S;5L&<!:m*it£ 

e-;ut°p'jK>, /-K'je-;uy;u=i-;u, X[*/KV7^;u&f|jW£E$;tv Btt&?£L<[£, ptfet*& 

[0°037]PTFEli, ^«m^>-h(Z)JPXX@lZfclNT, fc&fcSSatPtt'^fcU Sttfttt^-P 

mn^tt^-mttz, z<Dmmmizmc&to%ztiz&i) s *ttmm&m$t&®m$:mt& 0 
PTFEii, ftte.mnmn&fflmttx, mmmmomMizm^-Lxi^ttmmmcDi&T^^z 

mt&tzsb, nm^cDft^mCD^mtt'A^xz&v 

ioo38m<Dtm uv^n)^<^uzimim\m^. mmtuz.PTFE.x%k^uz.m^\*s mm 
xxs*[cfig#^a)±BEX'>e;gpT-PTFE<z)a!it3b^HT$tL % nmwmi&T^ft^mttcDmmtf 

<fc3«, ZCD&X&, nm^m^pjFEx^ir^ztit, »*U^o 

[oo4o]asmi4#-^*t[*. &*mzits %te.m<Dn%&tiitfiz#izmw'£\ts ^tLtmmzt^ 

M»03O%^±Pi<tLr^^1t^Ci:^?^L^o <ky»*L<li, aSmi4tt-5*tO)#*r*I*, 20%& 
T, £b[c$?£L<te1 -1 5%T*&3o 
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[0041 mn^tts-ttiz, ^mznmnm(D%mizitmnmzm^-Lt^tzisb, ±muz^m%m 
[oo42]^fc\ mm^vis s^msa^Ws Rxsmm^n^^^t^m^it, mm^izit, n 
z^iztzztrnj^uK 

[oo43]«mt±#-^w<!:Lr mzmmtztoxft^ tetno^ommztis m^tti-^y^y 
^mmm, x^mm, mit^y, mitj^-^Am<o^M^mi^^ 0 zo^, 'prnxmn^z 

t>%imt&ztmj£u\ 

t^t&s mmfotLX<DM®mtfO. 6g/cm 3 $?£L<[*0. 65g/cm 3 £bCl£?£L<[£ 

0. 7o g /cm 3 m±(Dif m*i(Dft^jt0±PS[i, ^iz^^-r^tcD-eifd:^ 

[oo45]ft^)t^(DTiiM£ym^ mm^sji*^^ 

-c2oo°c-ci oftm&.mLtz&s &m&m*v*ois-wnfc(Dwmtftm^fe&fflmLxn&£*itc 

[0046]#fglimcfcMtas*tt£14j^ -tl 
[0047]^Hf a Mbm^(graphitizing carbon , soft carbon )t\£, %ftiMmiZ&l)%ftit-?&§tmVfo& 0 

raz^y^^a&^iifpibm^^^ 

©e^^mw^, -tib(Dt°^^^MHLr^btLf-=i-^^i^[f b*u «tfta)±Kffifli**Js^b 

[0048]S^HIII / pMb^*(non-graphitizing carbon , hard carbon HfpMb^HICcfcy ^^[ZfiHiti 

[c£ijb^j£f|Trfo£o;bP^^ 

i3^u£>*ijiiii^&ifbft^^ 

[0049]^^b^II[*, mm, T)^y. ^'JOA, ^>^^(D^St4^XfcJ;i;-tib(D;I^ 
^Xa)g^b145?ffl^T[C300~2, 000°C, £?£L<I£500~1, 3OO°C|SJt0;SJtt5Sl[CfcLNr, 

1 o^~3oi^ra, i*«cD^mfpMbm^w ^8t*r B Mb^^«*4* jpiiLT^^b-rs^^ic cfcyfrfrfi 

-So 

[0051 ]*f§0J[zfcLNr (i, ftiz, i$«(Diilir a Mbm^^mSL/ct0^^*L^o z*i\t s ii^fpMb^ 

zt, Rxsmmmitmmit, /\-tt-tf>mz*i&zt<s ztizmftUz^mz, m=f-<D&mtf& 

[oo52]*f§0j[zfcLNrii, mtft<D&&im(Biiwm)tfft<s mn=ixy-tf&^oz.s nmizmmtm 
&Mtftm&ztfrt>s ^izij^L^oit, mmmitmmttmo)^, mtoy^-^mmxh-oXs z 
ft£j^bL7citiifpMbj£fi£®;^^ 

[oo53m^y^y-j^mmtLxit,m^Hxi^mmmm0t(DtmmizA^mx^)^tz, 

4-159320-§- N #H¥lO-236807-§- s ^t^fl^Fl 1-1314-^ 1 -1 1 621 ftmW- 

11-11 6648^H) % Z*lt>lZft'DXm£.?&ZttfpimV]b%>o 

[oo54]^ij^[^\ 7K, ^mm%tp, tb^it^t^mmmom^mm^v, y^y-jimtyj^m 
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[0055]^^-eM;iSS^iJ<!:Lr[i, t^J^-J^TJ^— ;k LKp^v^Hzjup-X, tKa^vx^ 1 
;Hz;up-x n oj^tif^^A 7^t:7=i a n y^;Hz;i/P-x N y^;u-iz;up-xll7W£ffl£*u 

[0056]^f£(D7|jiJ|lp[i,^ 

fcUM;i£:i££iJ0;lJt;W£<«^ 5-2, 000 u m(DmmxW&$:&mt& 

[oo57]^(D£9&^*0?x/-«Jllll£j^ 

&s 7Ki^b^U r 7A N 7KiHb±HJ r 7A, 7K8Hb'J^ r 7A N 7k8Hb;n=v r 7A, 7ki^bir> r 7AH(D7;u;>D 
[oo6O]^0£d&7;u*u#JIlb£i$i£, j^bttfz^U Kmttxo. 2-5. oj£m»WI£U 

l MJl7Kif^b^0It'5m±, Jf*L<[*300~1 , 000°C, J:U$?SL<li4OO~9OO o C0;SJttESl[3fc 

imzit^mzfejuzm-ku -mtmm&xs-mtstm&iiL&u mm^zmmz^muz^i 

[0061 yrjWMfcl&T&OMtmts *fcLT7;i/*'M#£2fc&U Jtl**T?*«]LT\ HJ£7kft 

-i^b^('»^x), igfH, j^ttffl, ^^^(DHtL^-flJii±^#tl^i^bt4(Dms^x#sim 

TIC, Jf£L<[*500~1, 000°C, <fcy$fi;L<[*700~1, 000 o CG);SSiEffll3fcl^s 5#~10B$fiij 

isjtjpi^-r^o mit&*<DmmmM#mtfzhb<Disxt&i&Ri&LXs m^mz^m^m^s wt 

s^fTdgMf*. #[cpi^-r^,t(D-e[i^<, mitximuz&cDtmmoimw&i&mt&zttfxz, m 
mmmmps ^.mmmmp. ^mmmm^. tomtttc\m®&<Dn-&j-*rj\,y s nnpmonti 
$>mrM[z\tm-£*i%>o 

[oo64]*f§w(cfc[ts^ttsi4^[*, ^nm^i ~i ou r^omanommzmt^toxmsZ 

zokftLtctts mt. m%Lx±mmmzm%&mt?z>ztmj£L<, nmom^iz^x it, t 
^\z&*tcft^tm%±<Dmm<ih&mw.ft®m*.ftfrt^ 

[oo65]L^L^^b, xso)j&to^b, frfr&w®ttwmtt£\*s mtiM^u ft^mxom 

[0066];KDcfc5fc*£[*, M*(JilT, -&m=f-2.\*-%.%L=f-®3itfo?&o jOlX\ M 

ioo67mimizit,mt0y^y-)\ymmm^mtz^,&^\tz^mtLxmtmm^mtz$^ 
mxz<D-#$iL=F&m>Ltz> 0 
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[ooe^a^iz^iii^ ^ 

to, faWJ^s-Mim, ;Mt°7f, ^)\i-)iT)^—)is *;U7t^v^;u-tz;up-x N -tf^>H(D 
7K;£$£/^>^LTi3l^^ 5~5mmfS)t[::)|§ 

[0070]^Kb3i¥iiL7 v d§7^^^ 

-1 On m(Dmm^mtt&(DXfoZ> 0 

[0071 ]*mmn%-nm* j t^i'$(Dnffi$itLx \* s &*mzit s 7mn%mtmm&nfim(D 

-rntn m^M0fi(D2^0i izttmt^^)i^-mmiz^x\t, 7mmm^ i )^mtt^^x 

ioo72]^mmm%-mm^^^(DmmmMt, &mL<\t, ±tzLtzmm^mtttn ft* 
zkufc-stts ^\zt$£L<itmn^tt^tt£i]n^xffij&£*i& 0 z(Dmm\t % m^it, vtmnmwmm 
tpjFEmo^^m^LOtmm^^t^Tji^-jimommn^Tx^mLs fttuit 
p-;i/Ei^^Ltiai/-hi:ii£iL, $mudk. mm^mm%m*fti,xmm*tm^-mt 
£i±&ztiz^xm*ti& 0 mmmLtznm^-^^izm$Lxi>&i\ 
[oo73]£^i*tKst±m¥ii^^ 

u z(Dx^j-£mni*±izmjLL, smLxmnittms-mtLtznmtt&zt&xz, -*i££b 

[0074]PTFE(i, tXlZft^tz&olZ^ Z0EM^UX0jPXX|f IZ&l^X s ftiSWtKCl^bU « 

ttsi4jsft**^o)fit«6iHicisi:a«>*c 

p'JKx ^^utWuatsK, h;ux> N ^vu>, -fy*p>, ^ux^i^hx SiifJk 

[oo76]mffi<z)nm^LT[*. n%it¥#), it^mzm-k^nfozmnfoxfotiit^ m*.\£, xf 

[0077]|fcmtt<OTtK[*SST*t<fc^U =&5^ 

uxis 0 *y h ^ 0 — ; u-e & £ ^ o 

[OO78]*f§0J0mmxSJi^/^v^(Dm^;S<!:LTIi,^tiS#^^Pfc^^[iJ^^07K^fe^LMi 

^m^mmmimx^i3K^m^mmm^imuzm^izmm^Li^mm§^^o 

>7j— /I?*— k r -?>p^7Ka x;i//tv7X x;u^7>^aS<*s 3-^^;ux;U/1-^>, 1 , 
jfvx^> n 7-feh-Hj;k 2>$pxMJ;k /\VP-h'j;k i^;u*;i/A75h\ V&JWbtti/ 
h\ xh^fcKn^X y>h+vi^, ^JWiWh, k yif Jbj]-/f^-h 

X(*x5 l ;U*5 L ;U7J-/1^-hfrbg[£;h3lM&^ 

[0080]^«|&mfli?fta)mfl¥g£L-C[*, R 1 R 2 R 3 R 4 N + £L<I£R 1 R 2 R 3 R 4 P + (R 1 , R 2 , R 3 , R 4 

f*. *fo?to<k±Lizm.mm ~6(D7jis*jis&$:7jkiro )xm^^nm-t- r 7ixij^yt, bf 4 - s 

PF 4 " s CI0 4 " \ CF 3 S0 3 " Xli(S0 2 R 5 ) (S0 2 R 6 )N" (R 5 , R 6 Its Zfo?to&tLlZm.mm ~4(D 

7;u^;uft;^7;u^u>ft£7fsU R 5 <!:R 6 fim%MJ&LXl\X&&l\)frt>Ml£*iZ>T-*>tfrt> 
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[0081 ]£ffcWl::[*, (C 2 H 5 ) 4 NBF 4S (C 2 H 5 ) 3 (CH 3 ) NBF 4 N (C 2 H 5 ) 4 PBF 4 &TS(C 2 

h 5 ) 3 (ch 3 )PBF 4 mt>m^Li^otLxmif^^ o mM : ^o^^o^(DMmit,0A -2.5 
m%s is=>7.mm^m^s ^^^o-Mmmrmizi^mx^^o 

[0084] 

mMimuTs*%w&mMm&uttmmz^xmi^\zmwtz>o 

[oo85Ki)7;u*ui40S£M*i&i;i§;S££^ 
;uxtK£futs£LT!#b;h*:i*^ 

[oo86]^[z N mmwmtfot7kmtt> , j't>M&LTs KOHtmtz> 0 )t%w:w-ttxi -.3tt^^iz 
m-SLs mmo&'D&izAtitz'&s mh^sst, 25o°c/h (Dm^mmx85o°c^xm^u 85o°c-c2 

£*izj*^xm7kx+ftizm&Ltz 0 ftftLtzm^^ 

5U mOUittSttttSWfco ^0)^14^0) Jta®S!lis 2, 000m 2 /g s JBII7LMII4, 0. 9cm 3 /g 

>L°zL-S[z£3IHi fttir&fr^tztZ^ Mit^(7)n^Jt(D¥^iilli0. 97T*feofc 0 
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(54) HIGH DENSITY ELECTRODE MADE MAINLY OF SPHERICAL 
ACTIVATED CARBON AND ELECTRIC DOUBLE LAYER CAPACITOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high density electrode with high electrostatic 
capacity per volume and low resistance as an electrode in an electric double layer 



SOLUTION: A high density electrode contains spherical activated carbon of 50 to 95 
wt.% with average grain size of 1 to 10 um and minute hole volume of 1.5 cm3/g or 
below, conductivity applying material of 30 wt.% or below, and polymer combining 
material of 0.5 to 20 wt.%. Then, an electric double layer capacitor with apparent density 
of 0.6 g/cm3 or above is obtained. 



HIRATSUKA KAZUYA 
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capacitor. 



CLAIMS 



[Claim(s)] 

[Claim l]In mean particle diameter, pore volume at 1-10 micrometers The spherical 
activated carbon 50 below 1.5 cm 3 /g - 95 mass %, A high-density electrode for electric 
double layer capacitors which contains below addition-of-conductivity material 30 mass 
% and polymers system binding material 0.5 - 20 mass %, and is characterized by bulk 
density being more than 0.6 g/cm 3 . 

[Claim 2]The high-density electrode according to claim 1 to which said spherical 
activated carbon carries out activation of the difficulty graphitized carbon. 
[Claim 3]The high-density electrode according to claim 2 in which said difficulty 
graphitized carbon carbonizes phenol resin. 

[Claim 4]The high-density electrode according to any one of claims 1 to 3 whose degrees 
[ in / in said spherical activated carbon / a projected cross section product on a shape of 
microscopic features of particles ] of mean circle form are 0.8-1.0. 
[Claim 5] An electric double layer capacitor which is provided with the high-density 
electrode according to any one of claims 1 to 4, and is characterized by things. 
[Claim 6] The electric double layer capacitor according to claim 5 which has the organic 
system electrolysis solution which dissolved an electrolyte in an organic solvent. 
[Claim 7]The electric double layer capacitor according to claim 6 which has the organic 
system electrolysis solution characterized by comprising the following in which a salt 
was dissolved. 

An organic solvent in an organic system electrolysis solution Ethylene carbonate, 
propylene carbonate, Butylene carbonate, dimethyl carbonate, ethyl methyl carbonate, 
Are one or more sorts chosen from a group which consists of diethyl carbonate, 
acetonitrile, glutaronitrile, valeronitrile, sulfolane, and a sulfolane derivative, and to this 
as an electrolyte, The 4th class onium cation expressed with R 1 R 2 R 3 R 4 N + or R 1 R 2 R 3 R 4 P + 
(R , R 2 , R 3 , and R 4 show an alkyl group of the carbon numbers 1-6 independently here, 
respectively.). 

BF 4 " , PF 4 " , C10 4 " , An anion chosen from CF3SO3 " or (S0 2 R 5 ) (S0 2 R 6 ) N + (R 5 and R 6 
show an alkyl group of the carbon numbers 1-4 independently here, respectively.). 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric double layer capacitor 
provided with the high-density electrode and this electrode of the electric double layer 
capacitor which made spherical activated carbon the subject. 

[0002] The electric double layer capacitor of this invention can be used suitably for a use 
with a high energy density per volume, large various power supplies for portable devices, 
home-electronics standby power supply, optical-communications UPS, electromobile 
power supply, etc. 
[0003] 

[Description of the Prior Art] The element which sandwiched the separator between the 
electrodes of the couple which makes a subject the activated carbon formed on the charge 
collector as an electric double layer capacitor, The coin type sealed in metal casing with 
the gasket which insulates both with metal casing and a metal lid with an electrolysis 
solution, Or the winding element which winds the sheet like electrode of a couple via a 
separator is accommodated into metal casing with an electrolysis solution, and the wound 
type thing obturated so that an electrolysis solution might not evaporate from the opening 
of a case is known. 

[0004] The electric double layer capacitor of the lamination type with which the element 
which laminates many sheet like electrodes via a separator as a high current mass- 
oriented use was incorporated is also proposed (JP,4-154106,A, JP,3-203311,A, JP,4- 
286108,A). This uses as an anode and a negative electrode the sheet like electrode 
fabricated by the rectangle, the plural laminates of it are carried out by turns via a 
separator, and it considers it as a lamination element, where a positive electrode lead 
member and a negative electrode lead member are connected to the end of an anode and a 
negative electrode by a caulking, it is accommodated into a case, an element is 
impregnated with it in an electrolysis solution, and it is sealed with a lid. 
[0005]Conventionally, in order to make the electrolysis solution of an electric double 
layer capacitor dissolve an electrolyte in high concentration, the solvent of high 
permittivity, such as water and propylene carbonate, is used for it. 
In order that the electric charge of the electric double layer formed in the surface may 
contribute to the capacity (electric capacity) of an electric double layer capacitor as an 
electrode, what makes a subject the activated carbon which has large specific surface area 
is used. 

[0006]the important thing as a military requirement for which an electric double layer 
capacitor is asked — general — a — high electric capacity and b — the high endurance at 
the time of repeating a high energy density and c charging and discharging cycle, and d — 
low internal resistance etc. are mentioned. 

[0007]In order in the case of the electric double layer capacitor especially used as a 
mounted power supply of a passenger car at the time, such as a power supply of an 
electromobile, to secure the largest possible person's riding space, and the installation 
space of a load to in the car so that I may be understood easily, First, that do not occupy 



space in the car as much as possible as the power supply itself, but big electric capacity is 
obtained by little volume are the conditions searched for most strongly. It is strongly 
required low [ internal resistance ] as a power supply which continues driving a motor 
that long term reliability should also be high. 

[0008]What is necessary is to just be fundamentally filled up with activated carbon with 
big electric capacity per unit weight in predetermined volume at the maximum, in order 
to enlarge electric capacity per unit volume of an electric double layer capacitor. 
[0009]Thus, in order to maximize the electric capacity per unit volume, using following 
various techniques from the former and processing activated carbon into an electrode is 
performed. namely[0010]a) What kneads activated carbon powder using the solvent of 
electrolysis solutions, such as sulfuric acid, is made into slurry form, and is fabricated 
with a pressurizing press (U.S. Pat. No. 3288641) 

[001 l]b) What (JP,53-7025,B, JP,55-41015,B) applies the carbon paste which consists of 
a viscous thing which added polytetrafluoroethylene (it is hereafter written as PTFE.) to 
the mixture of activated carbon powder and an electrolysis solution as a binder if needed 
on a charge collector. 

[0012]c) What is extended or rolled and is fabricated to a sheet shaped after preforming 
the kneaded material which consists of activated carbon, binders, such as PTFE, and a 
fluid lubrication agent (JP.63- 107011, A, JP,2-235320,A). 

[0013]d) What mixes and pastes activated carbon powder and PTFE, is heated more than 
the melting point of PTFE after applying and drying on a charge collector, and carries out 
press forming (JP,9-36005,A). 

[0014]e) What combines activated carbon powder with the carbide of phenol resin, and 
obtains a solid state electrode while making phenol resin as powdered as activated carbon 
powder, or granular carbonize (Japanese patent No. 2778425). 
[0015]According to the place which this invention persons examined, it is difficult to 
obtain the electrode whose electric capacity per unit volume is high enough in these 
publicly known methods of processing activated carbon powder or particles into an 
electrode. One of the reason of this is presumed because the filling factor of the activated 
carbon powder at the time of fabricating activated carbon powder to a sheet shaped 
electrode is low. 

[00 16] Activated carbon Usually, the carbon source; corks of the vegetable origin of 
sawdust, coconut husks, etc., What ground mechanically carbonization and the carbon 
material which carried out activation with the grinder, and carried out pulverization of the 
synthetic macromolecule system carbon sources, such as carbon source [ of coal and 
petroleum system raw material origin, such as a pitch, ]; or phenol resin, furfuryl alcohol 
resin, and vinyl chloride resin, is used. The fine-powder-form activated carbon obtained 
by this mechanically ground is carrying out what is called crushing shape that has an 
irregular angle and kurtosis uniformly. 

[0017]This invention persons form in an electrode with each forming process which 
described above such activated carbon crushed mechanically, when this section is 
observed in detail under a microscope, are and it shifts — also having — the activated 
carbon particle which carried out irregular crushing shape started bridging mutually, and 
it was admitted clearly that many superfluous openings were formed in an electrode. 
Since the electrode which processed conventional activated carbon has such a 
superfluous opening, high-density restoration of activated carbon powder is barred, and it 



is imagined to be unable to make electric capacity per unit volume high enough. 
[0018] 

[Problem(s) to be Solved by the Invention]The purpose of this invention solves the 
problem of the above-mentioned conventional technology, and activated carbon powder 
is providing the electrode with which it filled up with high density per unit volume, The 
electric capacity per unit volume which uses this high-density electrode is high, and 
internal resistance is low, and it is providing the electric double layer capacitor excellent 
also in long term reliability. 

[0019]As a result of inquiring wholeheartedly from this viewpoint, this invention persons 
had spherically or spherically near shape, and found out that the high-density electrode 
with which activated carbon was filled up into unit volume with high density was 
obtained by using the activated carbon of specific particle diameter which has neither an 
angle nor kurtosis substantially. This invention comes to be made by this knowledge. 
[0020] 

[Means for Solving the Problem] If this invention is followed, in mean particle diameter, 
pore volume at 1-10 micrometers The spherical activated carbon 50 below 1.5 cm 3 /g - 95 
mass %, Below addition-of-conductivity material 30 mass % and polymers system 
binding material 0.5 - 20 mass % are contained, and high-density electrode (henceforth 
electrode of this invention) ** for electric double layer capacitors, wherein bulk density is 
more than 0.6 g/cm 3 is provided. 

[0021]If this invention is followed, electric double layer capacitor (henceforth electric 
double layer capacitor of this invention) ** which is provided with such a high-density 
electrode and characterized by things is provided. 
[0022] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. In this 
invention, mean particle diameter is 1-10 micrometers, and pore volume uses the 
spherical activated carbon (henceforth the spherical activated carbon in this invention) 
below 1.5 cm 3 /g. 

[0023]As an example using spherical activated carbon as an electrode material of an 
electric double layer capacitor, conventionally, Heat-treat bitumen things, such as 
petroleum system heavy oil, such as coal tar and a coal tar pitch, a mesophase 
microsphere (mesophase pitch microsphere) is made to generate, and using as an 
electrode material the carbonization after separation refinement and the spherical 
activated carbon which carried out activation is proposed (JP,2-25227,A). However, in 
the case of a mesophase microsphere, it is difficult to enlarge the particle diameter before 
carbonization treatment enough, Since increase of internal resistance is invited when the 
sphere after carbonization treatment is set to the level of NANOMETORU smaller than 
the particle diameter specified by this invention to Haruka and forms an electrode, the 
purpose of this invention cannot be attained. 

[0024]The spherical activated carbon which originates in a mesophase pitch microsphere 
if it states just to make sure, Although it is maintained until the shape of the spherical 
pitch inevitably formed in the synthetic process becomes activated carbon by chance, and 
pack density is raised, the main purpose, By usual activated carbon, it is going to use 
2,000-5,000m 2 /g and the high specific surface area preferably called 3,000-4,500m 2 /g 
which are not obtained, and technical thought with fundamental spherical activated 
carbon in this invention differs. 



[0025]The spherical activated carbon in this invention consists of a spherical particle with 
very high sphericity, as shown in drawing 1 as a scanning electron microscope 
photograph. In this invention, circularity is specified using the projected cross section 
product of the particles at the time of observing particles under a microscope. It is defined 
as the circularity said to this invention as a value which **(ed) peripheral length of the 
circle equal to the projected cross section product of the particles on a shape of 
microscopic features with the projection outline length of particles, the spherical 
activated carbon of this invention — the average of circularity — 0.8-1.0 — desirable — 
0.9-1.0 — it is a thing of 0.95-1.0 more preferably. 

[0026] Actually, although some particles damage spherical activated carbon in a 
manufacturing process which is mentioned later and an angle and the dent of kurtosis and 
the surface may arise, If the circularity of the average of the particle diameter on the 
shape of microscopic features specified below of a particle of 1 micrometers or more is 
contained in the above-mentioned range which specifies, in order to obtain a high-density 
electrode, substantially, it is satisfactory and is treated as spherical activated carbon 
which also specifies these by this invention. It is also possible to mix and use the 
activated carbon crushed similarly for the spherical activated carbon in this invention. In 
this case, the circularity of the following regulation should just satisfy the numerical 
value of the above-mentioned regulation about mixed elegance. 
[0027]In this invention, the particle diameter of particles is computed by conducting 
image analysis of the projected cross section product of the particles on a shape of 
microscopic features, and is defined by the value equivalent to the diameter of circle 
which has the same area as the area of the particle concerned. In this invention, particle 
diameter does not adopt as calculation of the degree of mean circle form the particles 
which were less than 1 micrometer by this definition. On [ at least 100 or more ] the 
accuracy of measurement and a shape of microscopic features, preferably, circularity 
measures 200 or more particles and asks for an average. 

[0028]The spherical activated carbon in this invention is in the range whose mean 
particle diameter is 1-10 micrometers. Although the densification of the electrode can be 
carried out more when mean particle diameter is smaller than 1 micrometer, since the 
opening in an electrode becomes small too much, being impregnated of the electrolysis 
solution into an electrode becomes insufficient, and increase of electrode internal 
resistance is invited. On the other hand, if mean particle diameter exceeds 10 
micrometers, since the densification of the electrode cannot be carried out but the electric 
capacity per capacitor unit volume will fall, it is not desirable. 

[0029]In this invention, mean particle diameter throws the activated carbon powder O.lg 
into ethanol 50cm , and irradiates with the ultrasonic wave of the frequency of 43 kHz, 
and the output 45W 10 minutes or more, It is shown by the 50% of cumulative volume 
particle diameter (D50) computed by the laser scattering-about method (the micro track 2 
type particle size meter by a Leeds and north lap company is used) which made ethanol 
carrier fluid after distributing powder enough. 

[0030]The pore volume of the granular active carbon in this invention is as follows [ 1.5 
cm 3 /g ]. Since the bulk density of activated carbon itself will become small if pore 
volume exceeds this value, as a result, the electric capacity per unit volume will become 
low, and the number of the activated carbon particle which exists per electrode unit 
volume is not preferred [ electric capacity ], since there is little weight of the activated 



carbon per unit volume, even if large enough. Although the minimum in particular of 
pore volume is not specified, it is preferred that it is more than 0.3 cm /g in practice. 
[0031] The pore volume of the activated carbon in this invention is the value measured as 
follows with specific surface area using auto SOBU 1 (Autosorb-1) (or the device which 
has a function equivalent to it may be used) of can TAKUROMU (Quantachrome). 
[0032]Namely, the range of the relative pressure 0.001-0.05 of the adsorption isotherm 
beforehand produced at 200 ** in the vacuum by making nitrogen gas stick to the 
spherical activated carbon sample dried for 12 hours or more with liquid nitrogen 
temperature is analyzed by a BET multipoint method, While computing specific surface 
area, pore volume is computed from the nitrogen gas amount of adsorption in the point of 
the relative pressure 0.995 of the above-mentioned adsorption isotherm. 
[0033]the specific surface area which asked for the spherical activated carbon in this 
invention with the BET adsorption method — desirable — 100-2,500m 2 /g — more — 
desirable - l,000-2,300m 2 /g - it is a thing of 1,500-2,200 m 2 /g still more preferably. If 
specific surface area is smaller than this range, the electric capacity per unit weight of 
activated carbon will become small, since bulk density will fall if larger than this range, 
the activated carbon weight with which it fills up per electrode unit volume runs short, 
and the electric capacity per unit volume runs short. 

[0034] In the electrode of this invention, the spherical activated carbon like the above is 
preferably contained 80 to 95% 50 to 95% to the total mass of an electrode. If content 
runs short of the electric capacity of a capacitor and exceeds 95% in less than 50%, the 
content of polymers system binding material or addition-of-conductivity material will run 
short relatively, will invite the insufficient strength of an electrode, and high-electric - 
resistance-ization, and is not preferred. 

[0035]In the electrode of this invention, polymers system binding material is preferably 
contained 1 to 15% 0.5 to 20% to the total mass of an electrode. If the intensity of an 
electrode runs short that the quantity of binding material is less than 0.5% and it exceeds 
20%, increase of electrical resistance and increase of electric capacity are caused, and it is 
not desirable. 

[0036]Polymers system binding material is added in order to prevent omission from the 
electrode of an activated carbon particle or addition-of-conductivity material particles, 
while carrying out binding immobilization of these particles, when fabricating spherical 
activated carbon and addition-of-conductivity material in the shape of an electrode. 
Especially as a polymers binding material, do not limit and a publicly known thing is 
used, For example, PTFE, polyvinylidene fluoride, a fluoroolefin / vinyl ether copolymer 
crosslinked polymer, carboxymethyl cellulose, a polyvinyl pyrrolidone, polyvinyl 
alcohol, or polyacrylic acid is used, and it is PTFE most preferably. 
[0037]In the work process of the electrode sheet mentioned later, PTFE changes to 
complicated textiles shape and does so the effect of maintaining the shape of particles, by 
shutting up an activated carbon particle and addition-of-conductivity material particles 
between these textiles. Therefore, since PTFE acts effective in binding of an activated 
carbon particle etc. by a little addition when the fine pores of activated carbon are made 
to blockade, it is rare to cause the fall of the specific surface area which has contributed 
to the manifestation of electric capacity and a gestalt changes to fibrous, it can make 
content of the activated carbon in an electrode large enough. 

[0038]When it joins together by PTFE which fibrosed, the textiles of PTFE are cut by the 



above-mentioned edge part of sized activated carbon in an electrode work process, and 
the strength reduction of an electrode and omission of an activated carbon particle 
become easy to start granular type activated carbon mostly with the kurtosis (edge part) 
of the angle. On the other hand, if the spherical activated carbon in this invention is used, 
such fault will decrease far. It is preferred to combine spherical activated carbon by PTFE 
also at this point. 

[0039]When using crosslinked polymer, as bridge construction material, amines, 
polyamine, polyisocyanates, bisphenols, or peroxide is preferred. 

[0040] Fundamentally, when the electrical resistance of activated carbon is low enough, it 
is not necessary to make an electrode not necessarily contain addition-of-conductivity 
material, and it can constitute an electrode with spherical activated carbon and polymers 
system binding material, but. If the specific surface area of activated carbon generally 
becomes large, in order for the electrical resistance of an electrode to increase, it is 
preferred to make 30% of the total mass of an electrode contain as a maximum according 
to the value of the specific surface area of activated carbon. The content of addition-of- 
conductivity material is 1 to 15% still more preferably 20% or less more preferably. 
[0041]In order that addition-of-conductivity material may not contribute to the 
manifestation of electric capacity substantially fundamentally, it is not preferred to make 
an electrode contain exceeding the above-mentioned content. 

[0042]When it contains spherical activated carbon and polymers system binding material 
and addition-of-conductivity material, in an electrode, it is preferred to make it contain 50 
to 95% of spherical activated carbon, less than addition-of-conductivity material 30%, 
and 0.5 to 20% of polymers system binding material with a mass ratio. 
[0043]Especially as addition-of-conductivity material, it does not limit, and a publicly 
known thing is used, for example, powder, such as carbon black, natural graphite, an 
artificial graphite, titanium oxide, and ruthenium oxide, is used. Among these, since the 
effect of raising conductivity in a small quantity is large, it is preferred to use the Ketchen 
black or acetylene black which is a kind of carbon black. 

[0044]In more than 0.65 g/cm 3 , the bulk density as an electrode body which the electrode 
of this invention makes spherical activated carbon a subject, and contains addition-of- 
conductivity material by polymers system binding material and request in this is [ more 
than 0.6g//cm / 3 ] a still more desirable high-density electrode more than 0.70 g/cm 
preferably. Although the maximum in particular of the bulk density of an electrode is not 
specified, it is below 1.0 g/cm 3 in practice. 

[0045]If bulk density is lower than this lower limit, the electric capacity per unit volume 
at the time of constituting an electric double layer capacitor will not serve as a 
sufficiently big value. Bulk density is the value computed by having measured the weight 
and the outside diameter size of the sheet like electrode in dry nitrogen here, after 
fabricating an electrode to the sheet shaped of predetermined shape and drying at 200 ** 
in a vacuum for 10 hours. 

[0046] The spherical activated carbon in this invention is what carried out activation of 
spherical easily graphitized carbon or the difficulty graphitized carbon, and these are 
used, independent or mixing. 

[0047]Easily graphitized carbon (graphitizing carbon, soft carbon) is carbon graphitized 
by conducting graphitization treatment. As an easily-graphitized-carbon material which 
forms such easily graphitized carbon with heating, It is usable in common thermoplastics, 



for example, VCM/PVC system resin, polyacrylonitrile, butyral resin, polyacetal resin, 
polyethylene resin, polycarbonate resin, PORIPI nil acetate, etc. The corks produced by 
heat-treating pitch system materials, such as a petroleum system pitch and a 
Carboniferous system pitch, and these pitches are mentioned, and spherical easily 
graphitized carbon is obtained by carbonizing the spherical above-mentioned resin etc. 
[0048]Difficulty graphitized carbon (non-graphitizing carbon, hard carbon) is carbon 
which does not result in black lead easily by conducting graphitization treatment. As a 
charge of a difficulty graphitized carbon material which forms such difficulty graphitized 
carbon with heating, Common heat-curing resin, for example, phenol resin, melamine 
resin, urea resin, Furan resin, an epoxy resin, alkyd resin, unsaturated polyester resin, 
diallyl phthalate resin, furfural resin, silicone resin, xylene resin, urethane resin, etc. are 
raised, and spherical difficulty graphitized carbon is obtained by carbonizing the 
spherical above-mentioned resin. 

[0049]Preferably in an about 500-1,300 ** temperature requirement 300-2,000 ** 
carbonization treatment under the non-oxidizing atmosphere of inactive gas, such as 
nitrogen, argon, helium, a xenon, and neon, and these mixed gas, It is carried out by 
heating and carbonizing a spherical easily-graphitized-carbon material and the charge of 
a difficulty graphitized carbon material for 1 0 minutes - 30 hours. 
[0050] although the device in particular that carbonizes is not what is limited — both the 
rotary kiln of a fixed-bed heating furnace, a fluid bed heating furnace, a moving bed 
heating furnace, an inner heat type, or an outside heat type, an electric furnace, etc. ~ 
although — it is adopted suitably. 

[0051]In this invention, what carried out activation of the spherical difficulty graphitized 
carbon especially is preferred. That this can carry out activation of the difficulty 
graphitized carbon easily by either gas activation or chemical activation, and the 
activated carbon of high specific surface area is obtained, and difficulty graphitized 
carbon, As called hard carbon, since the activated carbon which carried out activation of 
this has the strong intensity of particles, in the manufacturing process and electrode 
formation process of activated carbon, it is because there is little breakage of a spherical 
particle. 

[0052] In this invention, the actual carbon ratio at the time of carbonization (carbonization 
yield) is high, and material cost is cheap, and also especially a desirable thing from the 
ability of spherical resin to be formed easily, It is spherical phenol resin among the 
charges of a difficulty graphitized carbon material, and the spherical activated carbon 
produced by carrying out activation of the difficulty graphitized carbon which carbonized 
this is mentioned as most desirable thing. 

[0053]Easily, as spherical phenol resin, the thing of the particle diameter of the request 
marketed is available, and about the manufacturing method of spherical phenol resin. 
Since various methods are proposed, the things (for example, JP,4-159320,A, JP,10- 
236807 ,A, JP,11-1314,A, JP,11-116217,A, JP,11-1 16648,A, etc.) to manufacture 
according to these are possible. 

[0054] For example, spherical phenol is obtained heating and by making it harden, using 
the concomitant use catalyst of an alkaline metal catalyst or an alkaline metal catalyst, 
and an amine catalyst, and agitating phenols and aldehyde under existence of suspension 
stabilizer in water, an organic solvent, or the mixed solvent of water and an organic 
solvent. They are close to a real ball, and since the particle size distribution of the 



particles by this method is also comparatively sharp, they are preferred. 
[0055]As suspension stabilizer here Polyvinyl alcohol, hydroxymethylcellulose, 
Hydroxyethyl cellulose, soluble starch, gum arabic, methyl cellulose, methyl cellulose, 
etc. are used, and suspension stabilizer is considered that the surroundings of phenol resin 
are covered, micell is formed and a spherical particle is formed. 

[0056]Change of synthetic conditions, such as churning conditions and concentration of 
suspension stabilizer, can perform control of particle diameter. For example, since the 
diameter of a grain to which an agitating speed is made to increase, or the diameter of a 
grain to which the concentration of suspension stabilizer becomes high becomes small, 
and an agitating speed is reduced, or the concentration of suspension stabilizer becomes 
low becomes large, Spherical phenol resin of the particle diameter corresponding to the 
mean particle diameter of 1-10 micrometers which can change particle diameter in 0.5- 
2,000 micrometers, and is specified by this invention can be obtained easily. 
[0057]It is considered as spherical activated carbon by carrying out activation of the 
spherical carbonized body produced by carbonizing such spherical phenol resin etc. 
[0058]Activation is a process which grows and develops more the pore structure of the 
solid carbonized body generated by the carbonization process at the fine structure. 
Although activation in particular is not limited and can perform either gas activation or 
drugs activation fundamentally, in order to fully demonstrate the feature of the activated 
carbon of this invention, it mixes carbon with chemical activation, especially an alkali 
metal compound, and heating and the alkali activation to calcinate are preferred. 
[0059]As an alkali metal compound, although alkali carbonate, such as potassium 
carbonate and sodium carbonate, can also be used, It is preferred to use more than a kind 
of alkali metal hydroxide, such as a potassium hydrate, sodium hydroxide, lithium 
hydroxide, rubidium hydroxide, and cesium hydroxide, and especially a potassium 
hydrate is the most preferred. 

[0060]0.2-5.0-times-the-amount addition and mixing of such an alkali metal compound 
are done with a mass ratio to a carbonized body, and more than the melting point of alkali 
metal hydroxide heats it under non-oxidizing quality nature atmosphere from 30 minutes 
in a 400-900 ** temperature requirement 300-1,000 ** for 5 hours preferably. At this 
temperature, an alkali metal compound corrodes a carbonized body powerfully 
chemically, and emits carbon monoxide and carbon dioxide, and the porous structure 
which progressed intricately is formed into a carbonized body. 
[0061] As for the carbonized body after the end of alkali activation, it is preferred to 
establish the washing process which rinses, washes an alkali component, neutralizes with 
chloride etc., rinses again, and washes chloride. It fully dries and the carbonized body 
which performed the washing process serves as spherical activated carbon in this 
invention. 

[0062]In an activation process, although gas activation can also be performed, In that 
case, 500-1,000 ** of carbonized bodies are preferably heated in a 700-1,000 ** 
temperature requirement for 5 minutes - about 10 hours under the activation gas 
atmosphere of the weak acid voltinism containing any one or more sorts, such as a steam, 
carbon dioxide (combustion gas), oxygen, hydrogen chloride, and chlorine. The 
unsystematized portion in a carbonized body, etc. carry out a catalytic reaction to these 
gases, decomposition consumption is carried out selectively, and detailed porous 
structure is formed. 



[0063]An activation process can also be carried out combining the above-mentioned 
alkali activation and gas activation, the device in particular that performs activation 
cannot be limited and the same device as what was used by carbonization can be used — 
both the rotary kiln of a fixed-bed heating furnace, a fluid bed heating furnace, a moving 
bed heating furnace, an inner heat type, or an outside heat type, an electric furnace, etc. — 
although — it is adopted suitably. 

[0064]The spherical activated carbon in this invention belongs under the category of the 
impalpable powder whose mean particle diameter is 1-10 micrometers, and for this 
manufacture, Use the charge of a spherical carbon material of particle diameter of this 
level from the point in time of a starting carbon material, and this globular form shape 
has been held. It is preferred carbonization and to carry out activation and to consider it 
as the granular active carbon of the above-mentioned particle diameter, and as for the 
mechanically ground with the already described angle or the problem of kurtosis 
generating, while being a process, it is fundamentally desirable not to carry out. 
[0065]However, from the start of a process, when dealing with this impalpable powder, 
the problem accompanying handling of impalpable powder of scattering and **** of the 
impalpable powder in a carbonization process or an activation process, filtration, the 
difficulty of the handling at the time of washing, etc. cannot ignore. 
[0066] In such a case, impalpable powder (a primary particle or primary particle powder 
is called hereafter.) at the suitable time. It can corn in the size which is a grade without 
problems, such as scattering and ****, a carbonization process and an activation process 
can be performed about the granulation article concerned, and, finally a method which 
cracks this granulation article even to a primary particle can be adopted by crack 
operation. 

[0067]Specifically, this primary particle is corned in the stage which obtained spherical 
phenol resin etc., or the stage which carbonized this and obtained the spherical 
carbonized body. 

[0068] As for a granulation, it is desirable to be preferably based on the rolling 
granulation by the granulation mechanism of comparatively weak adhesion and cohesive 
force also by the compression granulation and piston granulation by a granulation 
mechanism of compression stress, from a point of the ease which can finally be again 
cracked to a primary particle, although it is good. 

[0069]When based on a rolling granulation, from the upper part of a mixing vessel or the 
rotating-drum (rolling drum) type granulator leaned and arranged, or a rotation bread type 
granulator, Supply the primary particle powder which consists of phenol resin or its 
carbonized body, and rolling and churning of are done, About 0.5-5 mm is made to 
coarse-particle-ize by spraying on the rolling concerned and the primary particle powder 
to agitate by using solution, such as liquefied phenol resin, a liquefied pitch, polyvinyl 
alcohol, carboxymethyl cellulose, and gelatin, as a binder. 

[0070]A carbonization process and an activation process are performed by the conditions 
already described about the these-corned coarse particle according to the primary particle. 
With suitable disintegrator, without crushing the shape of the primary particle, the coarse 
particle which is the aggregate of the spherical activated carbon which is the mean 
particle diameter of 1-10 micrometers obtained in this way is cracked, and let it be 
spherical activated carbon with a mean particle diameter of 1-10 micrometers which can 
set this invention. 



[0071] As an electrolysis solution of the electric double layer capacitor of this invention, 
fundamentally, although it is usable in each of a drainage system electrolysis solution and 
an organic system electrolysis solution, when especially an organic system electrolysis 
solution is used, the amount of energy stored per unit volume increases, and it is suitable. 
It is because in the case of an organic system electrolysis solution decomposition 
potential is more than twice as high as a drainage system electrolysis solution, so it 
becomes more advantageous than a drainage system electrolysis solution about the 
energy density proportional to 1/2 of the square of voltage, and the product of electric 
capacity. 

[0072] The electrode material of the electric double layer capacitor of this invention adds 
addition-of-conductivity material to the above-mentioned spherical activated carbon 
particle, polymers system binding material, and pan preferably in more detail, and is 
constituted. This electrode kneads addition-of-conductivity material under existence of 
solvents, such as alcohol, as preferably as the powder of a carbonaceous material, and 
binding material, such as PTFE, for example, Preferably, roll pressure Nobu and after 
pressing, fabricating to an electrode sheet and drying, it is obtained by carrying out 
uniting to a charge collector via electroconductive glue etc. The rolled electrode sheet 
may be extended further. 

[0073] Addition-of-conductivity material can be preferably mixed with a solvent, and it 
may be considered as an activated carbon slurry, and can also be considered as a 
spherical activated carbon particle, binding material, and the electrode that carried out 
coating of this slurry on the charge collector, was dried and carried out uniting to the 
charge collector, and this may be rolled further. 

[0074]As already stated, in the work process of this rolling and press, PTFE changes to 
textiles shape and shuts up spherical activated carbon etc. between these textiles. 
[0075]As a solvent which forms an activated carbon slurry, what can dissolve the above- 
mentioned binding material is preferred, N-methyl pyrrolidone, dimethylformamide, 
toluene, xylene, isophorone, methyl ethyl ketone, ethyl acetate, methyl acetate, ethyl 
acetate, dimethyl phthalate, methanol, ethanol, isopropanol, butanol, water, etc. are 
chosen suitably. 

[0076]What is necessary is just a corrosive resistant conductor electrochemically and 
chemically as a charge collector of an electrode, and metal, such as stainless steel, 
aluminum, titanium, tantalum, and nickel, is used. Especially, stainless steel and 
aluminum are charge collectors desirable by both sides of performance and a price, and 
especially aluminum is the most preferred from electrical resistance being small. 
[0077]Foil may be sufficient as the shape of a charge collector, and the network and wool 
yarn of nickel, the foam metal of aluminum, or stainless steel which have the three- 
dimensional structure may be sufficient as it. 

[0078]Although it can be publicly known in itself or a well-known drainage system or 
organic system electrolysis solution can be used as an electrolysis solution of the electric 
double layer capacitor of this invention, the most desirable result is obtained when an 
organic system electrolysis solution is used. 

[0079]As an organic system solvent, electrochemically Stable ethylene carbonate, 
propylene carbonate, Butylene carbonate, gamma-butyrolactone, sulfolane, a sulfolane 
derivative, 3-methyl sulfolane, 1,2-dimethoxyethane, acetonitrile, Glutaronitrile, 
valeronitrile, dimethylformamide, dimethyl sulfoxide, The solvent which consists of one 



or more sorts chosen from a tetrahydrofuran, dimethoxyethane, methyl formate, dimethyl 
carbonate, diethyl carbonate, or ethyl methyl carbonate is preferred. These can also be 
mixed and used. 

[0080]As an electrolyte of an organic system electrolysis solution, they are R 1 R 2 R 3 R 4 N + 
or R X R 2 R 3 R 4 P + (R 1 , R 2 , R 3 , and R 4 ). The alkyl group of the carbon numbers 1-6 is shown 
independently, respectively. The 4th class onium cation expressed, BF4 " , PF4 " , CIO4 " , 
CF3SO3 " or (S0 2 R 5 ) (S0 2 R 6 ) N " (R 5 and R 6 ) the alkyl group or alkylene group of the 
carbon numbers 1-4 may be shown independently, respectively, and R 5 and R 6 may form 
the ring, from — the salt which consists of an anion chosen is preferred. 
[0081]Concrete for example, (C 2H5)4NBF 4 , ( c2H5)3(CH 3 ) NBF 4 , ( c2H5)4PBF 4 , 3 (CH 3 ) PBF 4 , 
etc. are mentioned as a desirable thing. As for the concentration of these salts in an 
electrolysis solution, it is preferred to consider it as 0.1 - 2.5 mol/1 and about further 0.5-2 
mol/1. 

[0082]In this invention, a polypropylene fiber nonwoven fabric, a glass fiber nonwoven 
fabric, synthetic cellulose paper, etc. can use it conveniently as a separator inserted 
between an anode and a negative electrode, for example. 

[0083]The coin type which the electric double layer capacitor of this invention made pass 
a separator between the sheet like electrodes of a couple, and was accommodated in 
metal casing with the electrolysis solution, Any composition, such as a wound type which 
winds the anode and negative electrode of a couple via a separator, and a lamination type 
which accumulated many sheet like electrodes via the separator, can be taken. 
[0084] 

[Example] Hereafter, an example and a comparative example explain this invention 

concretely. 

[Example 1] 

[0085] (1) The spherical phenol resin produced by carrying out the emulsion 
polymerization of the formaldehyde to phenol under churning in the solution containing 
an alkaline polymerization catalyst and suspension stabilizer was carbonized at 700 ** in 
nitrogen for 2 hours, and the spherical carbonized body was obtained. 
[0086]Next, after having mixed the spherical carbonized body concerned and potassium 
hydrate (it carries out abbreviated to KOH hereafter.) so that it might be set to 1:3 with a 
mass ratio, and putting into the crucibles of silver, temperature up was carried out to 850 
** with the heating rate of 250 **/h under the nitrogen air current, it held at 850 ** for 2 
hours, and activation was performed. After the activation article fully carried out 
neutralization processing with the chloride of 0.1 N after washing with ion exchange 
water, ion exchange water fully washed it further. The washed activation article was 
dried in a 250 ** vacuum for 5 hours, and spherical activated carbon with a mean particle 
diameter of 5 micrometers was obtained. 2,000m 2 /g and the pore volume of the specific 
surface area of this activated carbon were 0.9cm 3 /g. When this spherical activated carbon 
was observed with the scanning electron microscope and image analysis by a computer 
was conducted about 100 or more particles with a particle diameter of 1 micrometers or 
more, the average value of the circularity of each particle was 0.97. 
[0087]As the activated carbon obtained next and addition-of-conductivity material, (2) 
Furnace black (Ketchen black EC by a Ketchen black international company), And it 
kneaded adding ethanol as a binding material into the mixture which set PTFE to 8:1:1 
with the mass ratio, and the 0.20-mm-thick electrode sheet was obtained by roll pressure 



Nobu. Vacuum drying of this was carried out at 200 ** for 10 hours. Next, when the 
electrode of two sheets 20 mm in diameter was pierced from this sheet, weight was 
****(ed) and the bulk density of the electrode was computed from the relation between 
an outside dimension and weight in the dried air, it was 0.68g/cm 3 . 
[0088]Next, these electrodes were used as the anode and the negative electrode, and the 
aluminium sheet which is a charge collector, respectively was pasted with the 
electroconductive glue of a black lead system. 

[0089] (3) The electrode was impregnated with the propylene carbonate solution which 
contains (C2H5)3(CH 3 ) NBF 4 of the concentration of 1 mol / 1 in **** argon atmosphere 
after acting as truth air-drying Misao of the anode and negative electrode which were 
pasted up on the aluminium sheet at 250 ** for 4 hours. Subsequently, the anode and the 
negative electrode were made to counter via the nonwoven fabric separator made from 
polypropylene, and it inserted into the glass plate of two sheets, and bound tight and fixed 
by the constant pressure, and the element was formed. 

[0090]Next, it changed into the state where the above-mentioned element was thoroughly 
dipped in the propylene carbonate solution containing (C2H5)3(CH 3 ) NBF 4 of the 
concentration of 1 mol / 1, and the model type capacitor cell was constituted. 
[0091](4) The voltage of 2.5V was impressed to the model type capacitor cell, and 
electric capacity (synthetic capacity of positive and negative poles) and internal 
resistance were measured. As a result, electric capacity and internal resistance were 3. OF 
and 2.0ohm, respectively. The result was summarized in Table 1 and shown. 
[0092]The electric capacity and internal resistance after a 3,000 cycle repetition and 
3,000 cycles were measured for the charge and discharge by the constant current of 1A 
between 0-2. 5V in a 40 ** thermostat about this capacitor, and the rate of a performance 
change before and behind a cycle test estimated long term reliability. The result was 
shown in Table 1 . 
[0093] [Example 2] 

(1) Spherical activated carbon with a mean particle diameter of 3 micrometers was 
obtained like Example 1 except having made the agitating speed of the mixed liquor at 
the time of the emulsion polymerization of phenol resin into twice Example 1. The 
specific surface area of this activated carbon was 2,050m 2 /g, and pore volume was 
0.91cm 3 /g. When this spherical activated carbon was observed with the scanning electron 
microscope and image analysis by a computer was conducted about 100 or more particles 
with a particle diameter of 1 micrometers or more, the average value of the circularity of 
each particle was 0.96. 

[0094] (2) When the electrode was fabricated completely like Example 1 using the 
obtained spherical activated carbon and density was measured, it was 0.7g/cm . 
[0095]The model type capacitor cell was produced like Example 1 using this electrode, 
the voltage of 2.5V was impressed, and electric capacity (synthetic capacity of positive 
and negative poles) and internal resistance were measured. As a result, electric capacity 
and internal resistance were 3.4F and 2.1 ohm, respectively. The result was summarized in 
Table 1 and shown. 

[0096]The charge and discharge test of 3,000 cycles was done like [ capacitor / this ] 
Example 1, and long term reliability was evaluated. The result was shown in Table 1. 
[0097] [Example 3] 

(1) The spherical carbonized body was obtained by the same method as Example 1 except 



having changed the concentration of the suspension stabilizer of the mixed liquor at the 
time of the emulsion polymerization of phenol resin by 0.8 time the Example 1. 
[0098]While the water-soluble resole resin diluted to 10% of solid content while agitating 
the obtained spherical carbonized body using the small impeller type mixer was dropped 
every in small quantities as a binder, churning was continued, and it corned to granularity 
with a mean particle diameter of 3 mm. Furthermore, this granulation thing was heated in 
a 500 ** nitrogen atmosphere, and resole resin was carbonized. This carbonized body 
was heated at 850 ** under a steam atmosphere in the small rotary kiln for 4 hours, and 
activation treatment was carried out. The granulation thing which activation completed 
was cracked to the primary particle using the cutter mill, and granular active carbon with 
a mean particle diameter of 10 micrometers was obtained. The specific surface area of 
this granular active carbon was l,800m7g, and pore volume was 0.88cm 3 /g. When this 
spherical activated carbon was observed with the scanning electron microscope and 
image analysis by a computer was conducted about 100 or more particles with a particle 
diameter of 1 micrometers or more, the average value of the circularity of each particle 
was 0.85. 

[0099] (2) When the electrode was fabricated like Example 1 using the obtained spherical 
activated carbon and density was measured, it was 0.62g/cm 3 . 

[0100]The model type capacitor cell was produced like Example 1 using this electrode, 
the voltage of 2.5V was impressed, and electric capacity (synthetic capacity of positive 
and negative poles) and internal resistance were measured. As a result, electric capacity 
and internal resistance were 2.7F and 1.9ohm, respectively. The result was summarized in 
Table 1 and shown. 

[0101]The charge and discharge test of 3,000 cycles was done like [ capacitor / this ] 
Example 1, and long term reliability was evaluated. The result was shown in Table 1. 
[01 02] [Comparative example 1] 

(1) The spherical carbonized body was obtained by the same method as Example 1 except 
having changed the concentration of the suspension stabilizer of the mixed liquor at the 
time of spherical-phenol-resin composition by 0.3 time the Example 1 . 
[0103]Like Example 1, alkali activation of the obtained spheroidal carbide was carried 
out, it was washed and ****(ed) using KOH, and spherical activated carbon with a mean 
particle diameter of 25 micrometers was obtained. I,950m7g and the pore volume of the 
specific surface area of this activated carbon were 0.92cm 3 /g. When this spherical 
activated carbon was observed with the scanning electron microscope and image analysis 
by a computer was conducted about 100 or more particles with a particle diameter of 1 
micrometers or more, the average value of the circularity of each particle was 0.98. 
[01 04] (2) When the electrode was fabricated like Example 1 using the obtained spherical 
activated carbon and density was measured, it was 0.48g/cm 3 . 

[0105]The model type capacitor cell was produced like Example 1 using this electrode, 
the voltage of 2.5V was impressed, and electric capacity (synthetic capacity of positive 
and negative poles) and internal resistance were measured. As a result, electric capacity 
and internal resistance were 2. OF and 1.9ohm, respectively. The result was summarized in 
Table 1 and shown. 

[0106]The charge and discharge test of 3,000 cycles was done like [ capacitor / this ] 
Example 1, and long term reliability was evaluated. The result was shown in Table 1. 
[01 07] [Comparative example 2] 



(1) The tetramethylen hexamine of 10 mass % was added as a hardening agent to novolac 
type phenol resin which is a charge of a difficulty graphitized carbon material, and it fully 
mixed. Next, temperature up of this powder mixture was carried out to 200 ** with the 
heating rate of 200 **/h in atmospheric air, it held at 200 ** for 2 hours, and the 
hardening article was obtained. The obtained hardening article was carbonized 
completely like Example 1, and the massive carbonized body was obtained. This 
carbonized body was crushed with the hammermill and it was considered as the carbon 
grain with a mean particle diameter of 3 mm. Next, this carbon grain was ground after 
activation and washing using the ball mill like Example 1, and activated carbon with a 
mean particle diameter of 5 micrometers was obtained. The specific surface area of this 
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activated carbon was 2,300nT/g, and pore volume was 1 .2cm /g. When this activated 
carbon was observed with the scanning electron microscope, the spherical particle was 
the crushing powder which was not contained at all but had kurtosis with all the irregular 
particles. 

[01 08] When this activated carbon was observed with the scanning electron microscope 
and image analysis by a computer was conducted about 100 or more particles with a 
particle diameter of 1 micrometers or more, the average value of the circularity of each 
particle was 0.72. 

[0109](2) When the electrode was fabricated like Example 1 using the obtained spherical 
activated carbon and density was measured, it was 0.52g/cm 3 . 

[0110]The model type capacitor cell was produced like Example 1 using this electrode, 
the voltage of 2.5V was impressed, and electric capacity (synthetic capacity of positive 
and negative poles) and internal resistance were measured. As a result, electric capacity 
and internal resistance were 2.2F and 2.0ohm, respectively. The result was summarized in 
Table 1 and shown. 

[011 l]The charge and discharge test of 3,000 cycles was done like [ capacitor / this ] 
Example 1, and long term reliability was evaluated. The result was shown in Table 1. 
[01 12] [Comparative example 3] 

(1) The spherical carbonized body was obtained by the same method as Example 1 except 
having changed the concentration of the suspension stabilizer of the mixed liquor at the 
time of spherical-phenol-resin composition by 8.0 times the Example 1. 
[01 13]Alkali activation of the obtained spherical carbonized body was carried out using 
KOH like Example 1, it washed and dried and spherical activated carbon with a mean 
particle diameter of 0.5 micrometer was obtained. 2,200m 2 /g and the pore volume of the 
specific surface area of this activated carbon were 1.13cm 3 /g. When this spherical 
activated carbon was observed with the scanning electron microscope and image analysis 
by a computer was conducted about 100 or more particles with a particle diameter of 1 
micrometers or more, the average value of the circularity of each particle was 0.97. 
[01 14] (2) When the electrode was fabricated like Example 1 using the obtained spherical 
activated carbon and density was measured, it was 0.80g/cm . 

[01 15]The model type capacitor cell was produced like Example 1 using this electrode, 
the voltage of 2.5V was impressed, and electric capacity (synthetic capacity of positive 
and negative poles) and internal resistance were measured. As a result, electric capacity 
and internal resistance were 2.5F and 3.6ohm, respectively. The result was summarized in 
Table 1 and shown. 

[01 16]The charge and discharge test of 3,000 cycles was done like [ capacitor / this ] 



Example 1, and long term reliability was evaluated. The result was shown in Table 1. 
[01 17] [Comparative example 4] 

(1) Spherical activated carbon with a mean particle diameter of 3 micrometers was 
obtained on the same conditions as Example 2 except activation temperature having been 
950 **. The specific surface area of the obtained activated carbon is 2,800m 2 /g. 
Pore volume was 1.6cm7g. 

When this spherical activated carbon was observed with the scanning electron 
microscope and image analysis by a computer was conducted about 100 or more particles 
with a particle diameter of 1 micrometers or more, the average value of the circularity of 
each particle was 0.98. 

[01 18] (2) 0.42 g was /cm 3 , when the electrode was fabricated like Example 1 using the 
obtained spherical activated carbon and density was measured. 

[01 19]The coin type electric double layer capacitor was produced like Example 1 using 
this electrode, the voltage of 2.5V was impressed, and electric capacity (synthetic 
capacity of positive and negative poles) and internal resistance were measured. As a 
result, electric capacity and internal resistance were 1.9F and 1.7ohm, respectively. The 
result was summarized in Table 1 and shown. 

[0120]The charge and discharge test of 3,000 cycles was done like [ capacitor / this ] 
Example 1, and long term reliability was evaluated. The result was shown in Table 1. 
[0121] 
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[0122] 

[Effect of the Invention]The electrode of this invention is a high-density electrode which 
uses the spherical activated carbon of specific particle diameter as an electrode material. 
The outstanding characteristic that the electric double layer capacitor using this high- 
density electrode has the high electric capacity per volume, and internal resistance is low 
is shown. 



